Background {#Sec1}
==========

Interleukin 17 (IL-17) is a member of the IL-17 family of cytokines, which includes among others IL-17A and IL-17F. \[[@CR1]\]. The complex structure of IL-17 and its pleiotropic function are still being investigated \[[@CR2]\]. It was suggested that this cytokine forms a link between the innate and adaptive immune response \[[@CR3]\]. Induction with IL-23 leads to enhanced IL-17 secretion by Th17, CD8^+^ T cells and γδ T cells \[[@CR4]\]. The biological activity of IL-17 is associated with proinflammatory actions in allergies, autoimmune diseases and cancer \[[@CR3]\], moreover, it is also an important mediator in bacterial infections. However, recent studies revealed that IL-17 may also possess inhibitory functions and suppress the inflammatory response \[[@CR3], [@CR5], [@CR6]\]. Numerous reports have confirmed that cytokine synthesis has a genetic background \[[@CR7]\]. Genes encoding IL-17A and IL-17F are located on chromosome 6 (6p12) \[[@CR8]\], and polymorphisms in these genes were studied in various autoimmune diseases \[[@CR4], [@CR9]\]. Studies regarding bone marrow and solid organ transplantation have highlighted the importance of *IL17A* and *IL17F* gene polymorphisms in the pathogenesis of rejection; however, the nature of the posttransplant immune response is complex and differs between the early and late phase. The association between *IL17A* gene polymorphisms and acute rejection (AR) of kidney allografts is well known \[[@CR10], [@CR11]\], and the use of IL-17 concentrations as an early marker of AR has been considered \[[@CR12]\]. However, there are only a few reports linking this cytokine with chronic rejection, and studies analysing kidney allograft histopathological changes are lacking \[[@CR13]\]. Previous studies have demonstrated that the G allele of the rs2275913 *IL17A* gene polymorphism is associated with significantly impaired long-term kidney allograft function and that the GA genotype of the rs11465553 *IL17F* gene polymorphism is associated with a significantly higher risk of a return to dialysis after kidney transplantation \[[@CR14]\]. Because of the association between analyzed polymorphisms and post-transplant immune response, we assume that these single nucleotide polymorphisms (SNPs) may affect morphological structure of transplanted kidney through presence of glomerulitis, tubulitis, arteritis, cell infilitration and fibrosis.

The aim of this study was to examine the association of rs2275913 *IL17A* and rs2397084, rs11465553 and rs763780 *IL17F* gene polymorphisms with histopathological changes in transplanted kidney biopsies such as: glomerulitis, tubulitis, arteritis, cell infilitration and fibrosis.

Methods {#Sec2}
=======

The study enrolled 82 consecutive Caucasian patients after renal allograft transplantation (48 males and 34 females, mean age: 47.63 ± 12.96 years) in whom a kidney biopsy was performed between 2000 and 2006 because of impaired graft function, 183 kidney transplant recipients in whom no kidney biopsy was performed and 168 healthy controls. All biopsies were reviewed by a renal pathologist, and the Banff working classification criteria were used. The recipient's age and gender, the delayed graft function (DGF; which was defined as the need for dialysis during the first 7 days after transplantation), the AR occurrence and the number of episodes diagnosed clinically and confirmed by biopsy, chronic allograft nephropathy and chronic allograft dysfunction (CAD) were recorded in each case. All kidney allograft recipients were treated with the calcineurin inhibitor (cyclosporine A or tacrolimus), mycophenolate mofetil and glucocorticosteroids. The protocols differed between the patients because of changes in immunosuppressive therapies during the last 15 years. Additional patient characteristics are presented in Table [1](#Tab1){ref-type="table"}. Blood samples for genetic analysis were collected from all patients at the start of the study, and informed consent was obtained from all patients. The local ethics committee at the Pomeranian Medical University, Szczecin, Poland, approved the study protocol (BN 120/2000) and written consent was obtained form all patients.Table 1Clinical characteristics of studied patientsAge \[years\]47.55 ± 12.96Sex \[M/F\]48/34Time after transplantation \[months\]31 ± 9Delayed graft function31 patientsCreatinine \[mg/dl\]1.76 ± 0.58Cyclosporine A \[ng/ml\]150--200Tacrolimus \[ng/ml\]7--12

Genotyping {#Sec3}
----------

Genomic DNA was extracted from leukocytes contained in 200 μL whole blood samples using a GeneMATRIX Quick Blood DNA Purification Kit (EURx, Poland). A DNA concentration was approximately 300 ng/μl. The DNA was standardised using a Nanodrop ND-1000 spectrophotometer, and concentrations were equalised to 20 ng/μl. This material was used as the matrix for amplification in a real-time polymerase chain reaction (RT-PCR).

The rs2397084 T \> C (Glu126Gly), rs11465553 G \> A (Val155Ile) and rs763780 T \> C (His167Arg) polymorphisms within the *IL17F* gene and the rs2275913 A \> G (− 197 A \> G) polymorphism within the *IL17A* gene promoter were genotyped using TaqMan genotyping assays on a 7500 FAST Real-Time PCR System (Applied Biosystems, USA).

Statistical analysis {#Sec4}
--------------------

The distribution of the genotypes and alleles in the studied sample was initially evaluated with the Hardy--Weinberg equilibrium to assess if any population deviations occurred. The frequency of the genotypes and alleles was subsequently evaluated using the Chi-squared test or Fisher's exact test. The severity of histopathological changes in renal allografts was compared between genotype groups using the nonparametric Kruskal--Wallis test followed by the Mann--Whitney test, as their distributions were significantly different from normal. *P* \< 0.05 without correction for multiple comparisons was considered statistically significant. The study had sufficient statistical power to detect with 80% probability differences in the severity of histopathological changes between genotype groups measured according to Banff classification on rank scale ranging from 0 to 3 (Grade 0 = 0, Grade 1 = 1, Grade 2 = 2, Grade 3 = 3) equal to: between 0.39 and 0.73 (depending on histopathological parameter) of degrees of Banff scale for rs2275913, 0.55--1.03 for rs2397084, 0.44--0.90 for rs11465553 and 0.67--1.39 for rs763780. In summary, for most of the polymorphisms and histopathological parameters our study could detect the difference of a parameter between the genotype groups equivalent to one degree of Banff classification. It means that if real average value of Banff scale for the first genotype group is "1″ corresponding "Grade 1″ and for the second genotype group it is "2″ corresponding to "Grade 2″, then our study has enough statistical power to claim at *p* \< 0.05 that the histopathological changes are more severe in the second group.

Results {#Sec5}
=======

The distribution of all studied polymorphisms was consistent with the Hardy--Weinberg equilibrium (*P* = 0.59; *P* = 0.51; *P* = 1.0 and *P* = 1.0, respectively) and is shown in Additional file [1](#MOESM1){ref-type="media"}: Tables S1 and S2. As shown in Additional file [1](#MOESM1){ref-type="media"}: Tables S1 and S2 there were no statistically significant differences in distribution of studied polymorphisms between kidney transplant recipients in whom kidney biopsy was performed vs. kidney transplant recipients in whom no kidney biopsy was performed and between kidney transplant recipients in whom kidney biopsy was performed vs. control group.

There was a significant association between the rs2275913 *IL17A* gene polymorphism and the grade of tubulitis, which was more severe among renal allograft recipients with the A allele compared to patients with the GG genotype (GG vs. AG + AA, *P* = 0.02). Arteriolar hyaline thickening was also significantly correlated with this polymorphism; however, it was more severe among patients with the G allele compared to recipients with the AA genotype (AA vs. AG + GG, *P* = 0.01). In addition, mesangial matrix increase was significantly enhanced in patients with the rs2275913 *IL17A* G allele compared to recipients with the AA genotype (AA vs. GG + AG, *P* = 0.04). There were no statistically significant associations between the rs2275913 *IL17A* gene polymorphism and other histopathological changes in kidney allograft biopsies (Table [2](#Tab2){ref-type="table"}).Table 2The associations between histopathological changes (i, t, v, ah, ci, cg, ct, cv, mm) in kidney allografts and rs2275913 *IL17A* gene polymorphismBiopsy parameter and genotypesGrade 0\
*n* %Grade 1\
*n* %Grade 2\
*n* %Grade 3\
*n* %Mean ± SDM-W test p for comparisonGGvsAG+AAAAvsAG+GG(i) *n* = 72 AA220.00440.00220.00220.001.40 ± 1.08 AG926.471338.24720.59514.711.24 ± 1.020.960.68 GG932.14828.57517.86621.431.29 ± 1.15(t) *n* = 64 AA111.11444.44111.11333.331.67 ± 1.12 AG517.241344.83931.0326.901.28 ± 0.84**0.02**0.13 GG1142.311038.46311.5427.690.85 ± 0.92(v) *n* = 57 AA685.71114.2900.0000.000.14 ± 0.38 AG2589.2913.5713.5713.570.21 ± 0.690.370.64 GG2195.4514.5500.0000.000.05 ± 0.21(ah) *n* = 68 AA666.67333.3300.0000.000.33 ± 0.50 AG825.001753.13721.8700.000.97 ± 0.700.45**0.01** GG829.631244.44622.2213.701.00 ± 0.83(ci) n = 68 AA660.00440.0000.0000.000.40 ± 0.52 AG1650.001031.25515.6313.130.72 ± 0.850.610.32 GG1350.00726.92415.3827.690.81 ± 0.98(cg) *n* = 55 AA7100.000.00--00.000.00 ± 0.00 AG2291.6714.17--14.170.17 ± 0.640.140.29 GG1979.17520.83--00.000.21 ± 0.42(ct) n = 68 AA330.00660.0000.00110.000.90 ± 0.88 AG26.252062.50825.0026.251.31 ± 0.690.970.11 GG519.231350.00519.23311.541.23 ± 0.91(cv) *n* = 51 AA675.00112.50000.00112.500.50 ± 1.07 AG1456.0028.00416.00520.001.00 ± 1.260.790.38 GG1161.11316.67211.11211.110.72 ± 1.07(mm) *n* = 60 AA787.50112.5000.0000.000.13 ± 0.35 AG1451.85725.9327.41414.810.85 ± 1.100.390.04 GG1248.00728.00312.00312.000.88 ± 1.05*p* value calculated with the Mann-Whitney's (M-W) testi -- interstitial infiltration, t -- tubulitis, v -- intimal arteritis, ah -- arteriolar hyaline thickening, ci -- interstitial fibrosis, cg -- glomerulopathy, ct -- tubular atrophy, cv -- fibrous intimal thickening, mm -- mesangial matrix increase

As shown in Table [3](#Tab3){ref-type="table"}, there were no significant associations between the rs2397084 *IL17F* gene polymorphism and histopathological changes in kidney allograft biopsies. Regarding the rs11465553 *IL17F* gene polymorphism, fibrous intimal thickening was significantly more severe among A allele carriers in comparison to patients with the GG genotype; however, these differences were on the border of statistical significance (GG vs. GA, *P* = 0.086). There were no statistically significant associations between the rs11465553 *IL17F* gene polymorphism and other histopathological changes in kidney allograft biopsies (Table [4](#Tab4){ref-type="table"}).Table 3The associations between histopathological changes (i, t, v, ah, ci, cg, ct, cv, mm) in kidney allografts and rs2397084 *IL17F* gene polymorphismBiopsy parameter and genotypesGrade 0\
n %Grade 1\
n %Grade 2\
n %Grade 3\
n %Mean ± SDM-W test p for comparison TTvsTC+CC(i) n = 72 TT1525.861932.761322.411118.971.35 ± 1.07 TC430.77646.1517.69215.381.08 ± 1.040.26 CC1100.000.0000.0000.000.00 ± 0.00(t) n = 64 TT1325.492243.141121.5759.801.16 ± 0.92 TC325.00541.67216.67216.671.25 ± 1.060.90 CC1100.0050.0000.0000.000.00 ± 0.00(v) n = 57 TT4291.3024. 3512.1712.170.15 ± 0.56 TC990.00110.0000.0000.000.10 ± 0.320.98 CC1100.000.0000.0000.000.00 ± 0.00(ah) n = 68 TT1832.142646.431221.4300.000.89 ± 0.73 TC436.36654.5519.0900.000.73 ± 0.650.90 CC00.0000.0000.001100.03.00 ± 0.00(ci) n = 68 TT3052.631729.82712.2835.260.70 ± 0.89 TC550.00440.00110.0000.000.60 ± 0.700.77CC00.0000.001100.000.002.00 ± 0.00(cg) n = 55 TT3687.7049.76--12.440.17 ± 0.54 TC1292.3117.69--00.000.08 ± 0.280.88CC00.001100.0--00.001.00 ± 0.00(ct) n = 68 TT712.503358.931017.86610.711.27 ± 0.82 TC327.27654.55218.1800.000.91 ± 0.700.38 CC00.0000.001100.000.002.00 ± 0.00(cv) n = 51 TT2357.50512.50615.00615.000.88 ± 1.16 TC770.00110.0000.00220.000.70 ± 1.250.47 CC1100.000.0000.0000.000.00 ± 0.00(mm) n = 60 TT2452.171328.2648.70510.870.78 ± 1.01 TC969.23215.3817.6917.690.54 ± 0.970.61 CC00.0000.0000.001100.03.00 ± 0.00*p* value calculated with the Mann-Whitney's (M-W) test*i* interstitial infiltration, *t* tubulitis, *v* intimal arteritis, *ah* arteriolar hyaline thickening, ci -- interstitial fibrosis, cg -- glomerulopathy, ct -- tubular atrophy, cv -- fibrous intimal thickening, mm -- mesangial matrix increaseTable 4The associations between histopathological changes (i, t, v, ah, ci, cg, ct, cv, mm) in kidney allografts and rs11465553 *IL17F* gene polymorphismBiopsy parameter and genotypesGrade 0\
*n* %Grade 1\
*n* %Grade 2\
*n* %Grade 3\
*n* %Mean ± SDM-W test p for comparison GGvsGA(i) *n* = 72 GG1727.422235.481320.971016.131.26 ± 1.040.79 GA330.00330.00110.00330.001.40 ± 1.27(t) *n* = 64 GG1527.272443.641018.18610.911.13 ± 0.940.51 GA222.22333.33333.33111.111.33 ± 1.00(v) *n* = 57 GG4493.6224.2600.0012.130.11 ± 0.480.18 GA880.0110.00110.0000.000.30 ± 0.68(ah) *n* = 68 GG2033.902745.761118.6411.690.88 ± 0.770.60 GA222.22555.56222.2200.001.00 ± 0.71(ci) *n* = 68 GG2848.281932.76813.7935.170.76 ± 0.890.21GA770.00220.00110.0000.000.40 ± 0.70(cg) *n* = 55 GG4085.11612.77--12.130.19 ± 0.540.26 GA8100.000.00--00.000.00 ± 0.00(ct) *n* = 68 GG915.253254.241322.0358.471.24 ± 0.820.56 GA111.11777.7800.00111.111.11 ± 0.78(cv) *n* = 51 GG2964.44613.33418.89613.330.71 ± 1.100.086 GA233.3300.00233.33233.331.67 ± 1.37(mm) *n* = 60 GG2852.831426.4247.55713.210.81 ± 1.060.36 GA571.43114.29114.2900.000.43 ± 0.79*p* value calculated with the Mann-Whitney's (M-W) test*i* interstitial infiltration, *t* tubulitis, *v* intimal arteritis, *ah* arteriolar hyaline thickening, *ci* interstitial fibrosis, *cg* glomerulopathy, *ct* tubular atrophy, *cv* fibrous intimal thickening, *mm* mesangial matrix increase

Table [5](#Tab5){ref-type="table"} shows a significant association between the rs763780 *IL17F* gene polymorphism and interstitial fibrosis, which was more severe among individuals with the C allele than those with the TT genotype (TT vs. TC, *P* = 0.017). Similarly, tubular atrophy was enhanced in individuals with the C allele than those with the TT genotype; however, these differences were on the border of statistical significance (TT vs. TC, *P* = 0.09). There were no statistically significant associations between the rs763780 *IL17F* gene polymorphism and other histopathological changes in kidney allograft biopsies.Table 5The associations between histopathological changes (i, t, v, ah, ci, cg, ct, cv, mm) in kidney allografts and rs763780 *IL17F* gene polymorphismBiopsy parameter and genotypesGrade 0\
*n* %Grade 1\
*n* %Grade 2\
*n* %Grade 3\
*n* %Mean ± SDM-W test p for comparison TTvsTC(i) *n* = 72 TT2029.852232.841319.401217.911.25 ± 1.080.43 TC00.00360.00120.00120.001.60 ± 0.89(t) *n* = 64 TT1727.872439.341321.31711.481.16 ± 0.970.89 TC00.003100.000.0000.001.00 ± 0.00(v) *n* = 57 TT4790.3835.7711.9211.920.15 ± 0.540.49 TC5100.000.0000.0000.000.00 ± 0.00(ah) *n* = 68 TT2133.333047.621117.4611.590.87 ± 0.750.34 TC120.00240.00240.0000.001.20 ± 0.84(ci) *n* = 68 TT3555.561828.57812.7023.170.64 ± 0.830.017 TC00.00360.00120.00120.001.60 ± 0.89(cg) *n* = 55 TT4488.00510.00--12.000.16 ± 0.510.65 TC480.00120.00--00.000.20 ± 0.45(ct) *n* = 68 TT1015.873758.731117.4657.941.18 ± 0.790.09 TC00.00240.00240.00120.001.80 ± 0.84(cv) *n* = 51 TT2860.42612.50612.50714.580.83 ± 1.150.75 TC375.0000.0000.00125.000.75 ± 1.50(mm) *n* = 60 TT3054.551527.2759.0959.090.73 ± 0.970.72 TC360.0000.0000.00240.001.20 ± 1.64p value calculated with the Mann-Whitney's (M-W) testi -- interstitial infiltration, t -- tubulitis, v -- intimal arteritis, ah -- arteriolar hyaline thickening, ci -- interstitial fibrosis, cg -- glomerulopathy, ct -- tubular atrophy, cv -- fibrous intimal thickening, mm -- mesangial matrix increase

Discussion {#Sec6}
==========

Based on the results of previous studies, it was hypothesised that functional polymorphisms within IL-17 genes may be associated with histopathological changes in transplanted kidney biopsies. The results of this study demonstrated that the rs2275913 *IL17A* gene polymorphism was significantly associated with tubulitis, arteriolar hyaline thickening and mesangial matrix increase and that the rs763780 *IL17F* gene polymorphism was correlated with the severity of tubular atrophy and interstitial fibrosis. However, it should be taken into account that the statistical significance was achieved without correction for multiple testing, and no significant association would remain significant after such correction. Our statistical power analysis assumed no such correction, and the numbers of patients needed to achieve the assumed power with the correction would greatly exceed logistic possibilities of our transplantation center. Therefore, these results from our exploratory study should be verified by further research.

The main reason of performing the biopsy in each case was deteriorating kidney function expressed through impaired eGFR (increase of creatinine concentration of at least 25%) accompanied by other clinical symptoms. The majority of biopsy specimens were collected during the first year after transplantation because of acute rejection (AR) suspicion. In 19 cases biopsy confirmed CAD and was performed between the first and the fifth year after transplantation. Thus, taking into consideration that kidney function deterioration resulted from AR or chronic allograft dysfunction (CAD) a typical treatment was used. The treatment outcome presented as follow-up observation has been already published \[[@CR14]\]. The main conclusion of that paper was that the GG genotype of the rs2275913 IL17A gene polymorphism was associated with significantly impaired long-term kidney allograft function, whereas the GA genotype of the rs11465553 IL17F gene polymorphism with a significantly higher risk of graft function loss and return to dialysis after kidney transplantation \[[@CR14]\].

A biopsy is the gold standard for diagnosing kidney allograft disorders as it allows the verification of the probable causes of organ function deterioration. Therefore biopsies are performed in kidney recipients with DGF or suspected AR to assess the extent of chronic rejection \[[@CR15]\]. The Banff working classification criteria are currently used to assess renal transplant pathology and facilitate the selection of appropriate treatments \[[@CR16]\]. Histopathological changes in transplanted kidneys are associated with many immunological and nonimmunological factors; for example, ischemia-reperfusion injury not only damages the organ in the early posttransplant period but also triggers chronic inflammation leading to progressive interstitial fibrosis \[[@CR17]\]. Glomerulopathy, tubular atrophy and interstitial fibrosis are the main morphological causes of CAD.

Interleukins are key mediators of the alloresponse, and the role of IL-17 in kidney transplantation has yet to be elucidated \[[@CR18], [@CR19]\]. IL-17 is present in different types of rejection, as it can affect both the innate and acquired immune response through neutrophil activation and by acting on antigen-presenting cells. One important function of IL-17 is inducing the production of cytokines and chemokines, including IL-1β, IL-6, IL-8 and tumour necrosis factor-α (TNF-α) \[[@CR20]\], therefore there is growing interest in the various functions of IL-17 in transplantation research. Loverre et al. showed that transplanted kidneys undergoing DGF and AR were characterised by significantly higher levels of IL-17(+) cells. Moreover, the number of IL-17(+) cells was significantly increased in grafts with T-cell mediated AR in comparison to grafts with morphological symptoms of antibody-mediated rejection, interstitial fibrosis, tubular atrophy and acute tubular damage due to calcineurin-inhibitor toxicity. Nevertheless, IL-17(+) cells were observed in all studied allografts \[[@CR21], [@CR22]\]. Previous studies showed that the G allele of the rs2275913 *IL17A* gene polymorphism was significantly correlated with a higher risk of DGF and higher long-term creatinine concentrations \[[@CR14]\]. DGF occurs as a result of ischemia-reperfusion injury, and the outcomes of these complications include chronic lesions of the allograft which are manifested through tubular atrophy, interstitial fibrosis and mesangial matrix increase. Besides the histopathological changes, a decrease in allograft function can also be observed \[[@CR23]\]. In this study, the G allele of the rs2275913 *IL17A* gene polymorphism was associated with a significantly enhanced mesangial matrix increase. This result is assumed to be a logical causal link with the earlier findings. Similarly, the C allele of the rs763780 *IL17F* gene polymorphism was correlated with higher long-term creatinine concentrations in previous studies, and this study reported its association with the severity of tubular atrophy and interstitial fibrosis.

Research regarding hepatitis B virus infection in kidney transplant and bone marrow recipients revealed that the A allele of the rs2275913 *IL17A* gene polymorphism was implicated in AR and graft-versus-host disease \[[@CR24], [@CR25]\]. In this study, the A allele of this polymorphism was significantly associated with tubulitis, which is the hallmark manifestation of the acute immune response. Arteriolar hyaline thickening, which is a type of arteriolosclerosis, is another histopathological lesion that is associated with ageing, hypertension, diabetes mellitus and, in the case of kidney transplant recipients, calcineurin inhibitor toxicity. Arteriolar hyalinosis is often found in kidney pathology because of its multifactorial background \[[@CR26]\]. In this study, the severity of arteriolar hyaline thickening may be related to the mesangial matrix increase due to the association of these lesions with the G allele of the rs2275913 *IL17A* gene polymorphism; however, it may also be an incidental or calcineurin inhibitor toxicity-related result that requires further research.

Animal studies revealed that IL-17 was implicated in chronic rejection. A decreased immune response leading to prolonged allograft survival after heart transplantation was observed in IL-17 deficient mice \[[@CR27]\]. Moreover, it was shown that Tregs were responsible for downregulation of Th17 and thus lowering IL-17 levels during chronic inflammation \[[@CR28]\]. Recent studies in a murine model of kidney allograft confirmed that IL-17 deficiency or neutralisation was protective against rejection and, more importantly, that this process may be mediated by Tregs \[[@CR29]\]. Unfortunately, studies regarding the role of IL-17 gene polymorphisms in chronic rejection in humans are lacking, and this makes comparing the obtained results rather difficult.

Conclusions {#Sec7}
===========

The results of this study may suggest a possible association between the rs2275913 *IL17A* and rs2275913 *IL17A* gene polymorphisms and some histopathological changes in transplanted kidney biopsies. However, further studies are needed to get more insight into the functional relevance of the polymorphisms examined with respect to long term kidney allograft outcome.

Additional file
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